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INTRODUCTION 


The  CHI-5,  a  low-cost,  generalized  array  processor,  was  developed  under  an  ear¬ 
lier  DARPA  contract,  MDA903-78-C-0313  us  part  of  an  effort  to  develop  low-cost 
packet  speech  hardware.  The  CHI-5  was  used  successfully  by  CHI  Systems,  Inc. 
and  SRI  International  for  digital  voice  coding  using  linear  predictive  coding 
(LPC)  for  transmission  through  packet-  switched  networks. 

In  support  of  the  DARPA  program  in  packetized  speech,  the  CHI-5  could  be  used 
not  only  for  the  basic  LPC  algorithms,  but  also  to  support  development  and 
demonstration  of  algorithms  for  degraded  speech  environments,  and  integration 
of  voice  and  data  transmissions.  In  addition,  the  CHI-5  could  serve  as  a  low-cost 
compute  server,  attached  to  a  host  computer,  to  support  circuit  simulation  in 
programs  developing  other  low-cost  speech  hardware^ 

For  the  CHI-5  to  be  useful  to  a  variety  of  DARPA  contractors  involved  in  these 
programs,  it  was  necessary  to  provide  generally  usable  program  development 
software  for  the  CHI-5  and  to  make  additional  processors  available.  The  CHI-5 
host  interface  needed  to  be  revised  to  make  it  possible  to  connect  it  to  host  com¬ 
puters  with  a  standard  device  interface.  Also,  a  standard  asynchronous  interface 
was  needed  to  allow  direct  connection  to  communication  media  and  for  other 
simple,  low  bandwidth  interface  applications.  This  contract,  MDA-903-82-C- 
0136,  was  established  to  meet  these  needs  by  providing  ten  additional  CHI-5  pro¬ 
cessors  with  the  necessary  interfaces  and  providing  spare  parts  and  support  for 
them.  It  also  provides  for  the  development  of  program  development  software 
written  in  a  portable  language  so  that  it  could  be  used  on  computers  available  at 
the  DARPA  contractors  who  would  be  using  the  CHI-5s. 

This  report  describes  the  hardware  and  software  which  was  developed  during  this 
contract.  Section  1  is  a  description  of  the  hardware  enhancements  of  the  CHI-5 
and  the  construction  of  the  additional  ten  units.  Section  2  describes  the  program 
development  software,  including  a  micro-code  assembler  and  linker,  a  micro¬ 
instruction  simulator,  and  a  macro- language  assembler  and  linker.  Section  3 
describes  the  interface  program  to  support  control  and  data  transfer  protocols  for 
use  of  the  serial  interface  for  digital  voice,  data  and  control  transfers.  The 
appendix  contains  the  micro-code  developed  for  the  system  and  a  listing  of  the 
serial  interface  control  program,  f 
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1.  HARDWARE  ENHANCEMENTS 


In  order  to  make  the  CHI-5  processor  generally  useful  in  a  variety  of  environ¬ 
ments,  three  external  interfaces  were  required.  The  first  of  these  is  a  parallel 
interface  to  a  controlling  host  computer.  This  interface  allows  for  rapid  transfer 
of  data  through  DMA  access  to  the  data  memories  of  both  the  host  and  the  CHI- 
5.  Ii  also  provides  for  direct  control  of  the  CHI-5  from  the  host  computer  by  pro¬ 
viding  for  initialize  and  interrupt  controls.  The  parallel  host  interface  was  part 
of  the  original  design  of  the  CHI-5  and  its  predecessor,  the  LPCAP.  However, 
the  host  side  of  this  interface  was  originally  developed  using  custom  cards  which 
plugged  into  either  a  UNIBUS1  or  QBUS1  chassis  of  a  DEC  computer.  The  inter¬ 
face  had  to  be  redesigned  to  use  standard  interface  cards  available  from  DEC  and 
others. 

The  second  interface,  also  a  part  of  the  CHI-5  as  originally  designed,  provides  for 
simultaneous  input  and  output  of  analog  data.  This  analog  interface  supports 
speech  data  input  and  output  at  8Khz  sampling.  No  changes  were  required  in 
this  interface. 

The  final  external  interface  supports  a  pair  of  asynchronous  serial  lines,  each 
operating  at  programmable  rates  up  to  19.2  K  baud.  These  serial  interfaces, 
although  they  support  relatively  slow  transfer  rates,  allow  connection  of  the 
CHI-5  to  almost  any  computer  or  terminal  as  well  as  a  large  variety  of  other 
equipment,  and  allow  communication  over  inexpensive,  long-distance  lines.  This 
serial  interface  was  not  provided  in  the  original  design,  but  could  be  accomodated 
within  the  existing  I/O  and  interrupt  architecture  of  the  CHI-5. 

1.1.  Parallel  Host  Interface 

The  parallel  host  interface  was  redesigned  to  use  signals  available  from  the 
DRlI-B  or  DRVil-B,  interface  cards  for  the  UNIBUS  and  QBUS,  respectively. 
These  cards  support  the  host  half  of  a  direct  memory  transfer,  either  from  or  to 
the  CHI-5,  maintaining  the  word  count  and  host  memory  address  counter.  The 
CHI-5  host  interface  card  (HIF)  uses  a  three  bit  function  code  provided  by  these 
interfaces  to  select  one  of  eight  address  registers  for  the  CHI-5  data  memory 
address.  Upon  completion  of  the  transfer,  an  interrupt  signal  is  generated  by  the 
DEC  interface  card  for  the  host  computer,  and  by  the  HIF  for  the  CHI-5. 

Firmware  in  the  CHI-5  uses  a  function  code  of  7  to  indicate  that  the  data 
transferred  to  the  CHI-5  is  a  command,  and  processes  the  command  immediately. 
Since  each  function  code  can  have  a  separate  address  in  CHI-5  memory  for  its 
data,  several  processes  can  be  set  up  at  once  in  the  CHI-5,  each  waiting  for  a  sig¬ 
nal  that  their  data  buffer  has  been  transferred  to  initiate  the  next  stage  in  their 
processing.  Digital  voice  coding,  for  example,  uses  two  buffers,  one  holding  LPC 
parameters  which  have  been  computed  from  analog  input  for  transmission  or 
further  processing  by  the  host,  the  other  holding  parameters  received  from  the 
host  which  are  to  be  used  by  the  CHI-5  to  synthesize  speech  for  analog  output. 
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The  interrupt  signals  from  completion  of  data  transfers  are  used  to  initiate  parts 
of  the  LPC  analysis  and  synthesis  programs. 

The  data  transfers  to  or  from  the  host  computer  must  always  be  started  by  the 
host,  who  has  control  over  the  interface  card.  However,  the  program  running  in 
the  CHI-5  must  be  able  to  signal  the  host  when  it  has  data  for  it,  or  needs  more 
data  to  continue,  if  it  is  to  be  able  to  do  real-time  processing  with  speech  data. 
The  DMA  transfer  interface  cards  available  from  DEC  do  not  provide  for  an 
asynchronous  interrupt  signal  from  the  attached  device,  so  a  second  card,  the 
DRll-C  or  DRVll,  is  used  to  provide  for  this  interrupt,  as  well  as  a  status  code 
which  reflects  which  buffer  is  ready  for  a  transfer.  In  addition,  the  DRll-C  pro¬ 
vides  a  means  for  the  host  to  send  an  initiate  signal  to  reset  the  CHI-5  when 
desired. 

1.2.  Asynchronous  Serial  Interface 

The  asynchronous  serial  interface  of  the  CHI-5  includes  two  separate  RS232-C 
standard  ports,  one  configured  to  connect  to  a  modem  or  as  a  terminal  to  another 
computer  (DTE)  and  the  other  configured  to  connect  a  terminal  to  it  directly 
(DCE).  The  transfer  rates  of  each  port  can  be  set  separately  to  one  of  sixteen 
speeds.  The  serial  interface  uses  USART  devices  which  assemble  and  disassemble 
characters  as  they  are  received  or  transmitted  serially.  For  each  character,  an 
interrupt  is  generated  to  the  CHI-5,  which  must  then  take  any  input  character  or 
provide  the  next  character  for  transmission.  The  circuits  required  for  the  asyn¬ 
chronous  interface  are  packaged  on  the  arithmetic  control  unit  card  of  the  CHI-5 
processor  and  are  connected  by  a  ribbon  cable  to  two  D-25  female  connectors 
mounted  on  the  back  of  the  chassis. 


Accession  For 


UNIBUS  and  QBUS  are  trademarks  of  Digital  Equipment  Corporation  (DEC) 
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2.  PROGRAM  DEVELOPMENT  SOFTWARE 

The  CHI-5  architecture  supports  two  levels  of  instruction  decoding  The  lowest 
level  is  a  wide  micro  instruction  with  separate  fields  within  the  instruction  to 
control  each  part  of  the  hardware  for  one  fixed  instruction  clock  period.  Micro 
instructions  are  fetched  from  a  program  memory,  separate  from  the  data 
memory.  Each  instruction  word  is  80  bits  long.  The  program  memory  includes 
2048  words  of  programmable  read  only  memory,  for  fixed  firmware,  and  1024 
words  of  writeable  memory.  Programming  at  the  micro  instruction  level  allows 
maximum  utilization  of  the  computer,  but  it  requires  a  fairly  detailed  under¬ 
standing  of  the  architecture. 

The  second  type  of  instruction  is  called  a  macro  instruction.  A  macro  instruction 
contains  an  operation  name  and  a  list  of  operands.  It  is  fetched  from  the  same 
memory  used  for  data,  and  is  one  or  more  32  bit  doublewords  long.  Each  macro 
instruction  causes  the  execution  of  a  sequence  of  micro  instructions.  A  standard 
macro  instruction  set  is  supported  using  firmware  in  micro  programs  in  ROM. 
Application  specific  macro  instructions  can  be  defined  by  writing  their  micro  pro¬ 
grams. 

To  support  this  two  level  programming  environment,  two  separate  assemblers 
and  a  micro  instruction  simulator  are  provided: 

CHI5ASM 

A  FORTRAN-77  program  which  generates  relocatable,  microcode  modules 
for  the  CHI-5.  Separately  assembled  modules  may  be  linked  together  by  the 
program  CHI5LINK  to  form  a  single  program  module.  The  CHI-5  MICRO¬ 
PROGRAMMING  REFERENCE  MANUAL  provides  a  detailed  description 
of  the  CHI-5  microinstruction  set,  micro  assembler  and  linker. 

CHI5SIM 

A  FORTRAN-77  program  which  simulates  the  operation  of  the  CHI-5 
hardware  at  the  micro  instruction  level.  This  simulator  can  use  the  program 
module  generated  by  CHI5LINK.  The  CHI-5  SIMULA  TOR  REFERENCE 
MANUAL  describes  the  simulator  program  in  detail. 

MACASM 

A  FORTRAN-77  program  which  generates  relocatable,  macrocode  modules. 
Separately  assembled  modules  from  MACASM  may  be  linked  together  with 
program  modules  containing  microcode  from  CHI5LINK  by  the  program 
MACLNK  to  create  a  executable  load  module.  The  CHI-5  MACRO  PRO¬ 
GRAMMING  REFERENCE  MANUAL  provides  a  detailed  description  of  the 
macro  assembler  and  linker. 

2.1.  CHI-5  Micro  Assembler  and  Linker 

The  microcode  assembler  allows  micro  routines  to  be  constructed  using  symbolic 
labels,  expressions  to  generate  numeric  values  and  mnemonic  keyword  based 
definitions  for  the  micro  instructions.  Pseudo- operations  are  supported  to  allow 
definition  of  entry  points  to  the  routine,  references  to  externally  defined  symbols, 
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and  to  define  labels  representing  the  value  of  an  expression.  Other  pseudo¬ 
operations  control  listing  and  output  options  for  the  assembler. 

The  language  chosen  for  specification  of  the  micro  instructions  is  as  high  level  as 
is  compatible  with  full  expression  of  the  capabilities  of  the  machine.  Each  CHI-5 
micro  instruction  is  composed  of  one  or  more  individual  operations.  An  operation 
is  described  in  terms  of  an  operator  with  zero,  one  or  two  operands  and  possibly 
a  destination.  The  operands,  operators  and  destinations  correspond  to  elements 
of  the  CHI-5  hardware.  Each  operation  can  involve  several  control  fields  of  the 
CHI-5  micro  instruction,  and  there  is  often  more  than  one  way  to  perform  a  given 
operation.  The  assembler  automatically  selects  the  hardware  elements  needed  to 
perform  the  operation  specified  and  generates  the  proper  control  fields,  although 
the  programmer  can  explicitly  state  what  hardware  elements  are  to  be  used  when 
necessary.  It  also  keeps  track  of  the  usage  of  the  control  fields  and  attempts  to 
select  alternate  data  paths  or  arithmetic  elements  in  order  to  successfully  accom¬ 
modate  the  operations  specified  for  the  micro  instruction.  If  it  cannot  succeed,  it 
reports  the  fields  where  a  conflict  in  usage  has  occurred. 

The  syntax  of  the  individual  operations  has  been  chosen  to  be  as  natural  and 
simple  as  possible.  Two  operand  operations,  such  as  most  adder  and  all  multi¬ 
plier  operations,  are  specified  using  an  infix  notation,  e.g. 

X*  V 

MPL  +U-+U 
MPLMPR+  TU  — ►  UV. 

Specific  selection  of  hardware  elements  or  options  to  operations  are  given  by  fol¬ 
lowing  the  operation  by  a  colon  (:)  and  the  option,  e.g. 

X *  Y:PP  (Unsigned  multiplication) 

MPLMPR  +  TU  :FG  — *  UV  (Use  F  and  G  adders  instead  of  G  and  H  adders). 

Data  transfer  operations  are  specified  by  giving  the  source,  a  right  arrow,  and  the 
destination.  Whenever  possible,  busses  will  be  used  in  preference  to  adders,  but 
if  a  bus  is  already  in  use,  or  the  only  path  is  through  an  adder,  the  adder  will  be 
used  automatically.  However,  if  a  path  through  a  specific  adder  is  required,  as 
when  a  test  is  to  be  performed  on  the  value  being  moved,  the  adder  can  be 
specified. 

V-+  W  (uses  YBS  if  available,  otherwise  the  H  adder) 

T  —*■  U  (uses  either  the  F  or  G  adder) 

T:G  — >  U  (uses  the  G  adder) 

Single  operand  operations,  such  as  INC  or  DEC,  use  an  operator,  operand  syntax: 

INC  XA;  CLR  S;  GOTO  labell. 

Operations  requiring  no  operands  are  specified  by  their  mnemonics  alone: 

INT  HOST;  RTN;  READ 

The  assembler  output  is  a  relocateable  object  module  containing  the  information 
needed  to  combine  it  with  other  similar  modules  into  a  load  module.  CHI5LINK 
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is  an  interactive  program,  also  written  in  FORTRAN-77,  which  combines  these 
object  modules,  resolving  references  between  separate  modules,  to  build  a  single 
load  module  with  instructions  located  at  fixed  absolute  addresses  in  the  program 
memory.  CHI5LINK  also  produces  a  symbol  table,  giving  the  entry  point  address 
associated  with  each  microprogram.  The  symbol  table  and  load  module  are  used 
by  the  simulator  for  testing  of  the  microprograms.  The  symbol  table  is  used  by 
the  macro  assembler  to  allow  it  to  assign  operation  values  to  macro  instructions 
which  will  use  these  microprograms.  If  the  load  module  is  linked  to  load  into 
writeable  program  memory,  the  macro  linker  can  include  the  load  module  in  its 
data  memory  image  to  make  it  available  for  loading  into  program  memory  under 
control  of  the  macro  program. 

2.2.  CHI-5  Microinstruction  Simulator 

The  CHI-5  simulator  is  an  interactive  program,  written  in  standard  FORTRAN- 
77,  which  simulates  the  operation  of  a  CHI-5  processor.  The  simulator  maintains 
a  functional  model  of  the  CHI-5.  This  model  is  composed  of  variables,  known  as 
"state  variables”,  which  hold  values  corresponding  to  values  held  by  the  elements 
in  a  real  CHI-5.  A  set  of  commands  is  available  to  the  user  with  which  the 
values  of  state  variables  may  be  manipulated.  Values  may  be  changed  directly, 
or  through  the  simulated  execution  of  CHI-5  instructions. 

The  simulator  may  be  run  either  interactively  from  a  terminal,  or  as  a  batch  job 
using  a  file  of  commands.  Its  image  of  the  state  of  the  simulated  CHI-5  can  be 
examined,  and  saved  or  restored  to  files.  A  data  file  represents  the  state  of  the 
data  memories,  including  the  array  memories  X  and  Y,  the  table  memory  R  and 
the  main  data  memory  D.  A  program  file  contains  the  state  of  the  program 
memory;  it  is  often  the  output  of  the  micro  program  linker.  A  state  file  holds  the 
simulator  state  variables,  including  the  contents  of  the  simulated  CHI-5  registers. 
During  the  simulation  of  CHI-5  instructions,  selected  state  variables  can  be 
traced.  These  variables  are  written  to  a  logging  file  each  time  an  instruction  is 
executed. 

The  simulator  supports  the  analog  input  and  output  devices  as  real-time  I/O  by 
maintaining  a  clock  for  analog  I/O  that  'ticks’  once  every  500  processor  instruc¬ 
tions  during  simulation.  This  corresponds  to  the  8  KHz  analog  sampling  rate 
used  by  the  real  device.  Analog  input  and  output  use  files  which  contain  the 
values  for  input  or  hold  the  result.  Host  DMA  transfer  is  simulated  by  LOAD 
and  STORE  commands  for  D-memory  without  affecting  the  DA  registers,  S  bits 
or  interrupts.  The  S  bits  are  set  by  the  user  to  simulate  interrupts  when  desired. 

2.3.  CHI-5  Macro  Assembler  and  Linker 

At  the  most  basic  level,  the  CHI-5  executes  micro  instructions,  with  each  micro 
instruction  specifying  parallel  operations  for  individual  hardware  elements.  Con¬ 
trol  of  the  system,  however,  including  applications,  interrupt  routines,  and  com¬ 
mands  from  a  host  processor,  are  specified  in  a  higher  level  language,  the  instruc¬ 
tions  of  which  are  called  macro  instructions. 
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A  macro  instruction  consists  of  an  operation  code  and  a  list  of  operands.  The 
macro  instructions  are  fetched  from  D  memory  for  execution.  Each  macro 
involves  the  execution  of  two  micro  programs.  The  first,  called  the  mode,  gen¬ 
erally  fetches  the  first  operand  into  a  register  and  reads  the  next  doubleword,  if 
any,  of  the  instruction  from  D  memory.  It  is  usually  consists  of  only  one  or  two 
instructions  and  is  always  located  in  read  only  program  memory;  the  upper  5  bits 
of  the  operation  code  specify  which  mode  program  is  to  be  used.  The  second 
micro  program  performs  the  actual  operation  and  may  be  any  length;  the  lower 
11  bits  of  the  operation  code  give  the  starting  address  of  the  program. 

The  macro  assembler  generates  macro  programs  for  execution  on  the  CHI-5.  In 
order  to  do  this  it  must  know  about  the  set  of  instructions  which  will  be  avail¬ 
able  in  microprogram  memory.  This  information  is  provided  by  macro  instruc¬ 
tion  definition  statements  which  associate  a  ma'TO  instruction  with  an  entry 
point  in  a  microprogram  load  module  and  describes  its  operands.  The  assembler 
uses  this  information  to  check  the  use  of  each  instruction  and  can  generate  the 
proper  mode  for  many  instructions  depending  on  the  location  of  the  first  operand. 

In  order  to  allow  the  assembler  to  generate  the  proper  mode  for  variable  mode 
instructions,  and  check  that  the  operands  used  are  correct  for  the  particular 
instruction,  the  assembler  associates  a  type  with  each  label  used.  It  also  allocates 
space  in  X,  Y  and  D  memories  if  desired  and  supports  data  statements  for  initial¬ 
izing  D  memory  variables. 

The  output  of  the  CHI-5  macro  assembler  is  a  relocateable  object  file.  These  files 
are  combined  using  the  macro  linker,  MACLNK,  to  make  a  load  module  file 
which  is  ready  for  transfer  into  D  memory  and  execution.  The  linker  is  an 
interactive  program  similar  to  CHI5LINK,  the  micro  program  linker.  It  also  sup¬ 
ports  the  inclusion  of  microcode  from  a  CHI5LINK  output  file  in  the  load  module 
and  automatically  generates  a  macro  subroutine  which  will  load  the  file  into  pro¬ 
gram  memory  when  it  is  called. 

3.  SERIAL  LINE  CONTROL  PROGRAM 

As  part  of  the  packet  speech  effort,  CHI  has  implemented  a  preliminary  version 
of  the  ”NSC  Low-Rate  Vocoder  Interface”  to  provide  a  means  of  connecting  the 
CHI-5  to  hosts  via  its  RS-232  serial  interface.  The  CHI  version  of  this  protocol 
provides  for  transfer  of  both  speech  and  data  between  the  CHI-5  and  an  external 
processor,  as  well  as  limited  control  over  the  vocoder.  This  protocol  has  been 
used  with  the  CHI-5  at  the  majority  of  the  contractor  sites  where  the  processors 
have  been  delivered. 

The  serial  protocol  encodes  both  speech  and  data  into  characters  for  transfer  over 
the  serial  interface  using  ASCII  character  codes  between  ”space”  and  to 
represent  six  bits  of  information  by  adding  the  code  for  ’’space”  as  a  number  to 
the  six  bits  of  data  to  get  the  code  to  send.  This  uses  half  of  the  available  128 
codes.  The  first  32  codes  are  not  used  for  information  transfer,  since  they  are 
conventionally  used  for  control  information.  31  of  the  last  32  codes, 


7 


corresponding  to  ASCII  characters  n‘”,  ”a-z”,  ”{”,”|”,”}”,and  ”  are  used  to 

define  control  information  within  the  protocol.  The  CHI  implementation  uses  six 
control  characters  to  provide  the  following  functions: 

Address  (a) 

Set  the  data  transfer  buffer  address  to  the  value  given  by  the  following  three 
characters. 

Data  (d) 

Store  the  data  which  follows  in  D  memory,  at  the  data  transfer  buffer 
address.  Eight  characters  provide  enough  data  for  three  16-bit  words.  The 
data  transfer  continues  into  consecutive  addresses  in  the  buffer  until  another 
protocol  control  character  is  received. 

Output  data  (o) 

Convert  three  16-bit  words  at  the  current  buffer  address  to  eight  characters 
and  transmit  them.  The  buffer  address  is  then  incremented  by  three  so  sub¬ 
sequent  output  data  requests  will  cause  the  following  data  to  be  sent. 

Freqn  (f) 

Start  analysis  of  speech  received  on  the  A/D  interface.  Each  20.5  msec  a 
parcel  of  speech  parameters,  consisting  of  a  playn  (p)  character  and  48 
speech  data  bits  packed  into  8  characters,  will  be  transmitted  from  the 
CHI-5. 

Playn  (p) 

Synthesize  and  output  through  the  D/A  interface  speech  using  the  following 
eight  characters  as  data  for  one  20.5  msec  frame. 

Stop  (s) 

Stop  analysis  of  speech.  Quit  sending  speech  parameters. 

In  addition  to  the  protocol  control  characters,  the  CHI  implementation  used  the 
ASCII  control  characters  XON  and  XOFF  to  limit  the  rate  at  which  parameters 
are  received  to  the  real  time  analog  output  rate.  It  also  recognizes  XON  and 
XOFF  on  input  and  suspends  or  resumes  transmission  of  speech  and  data  param¬ 
eters  as  requested. 

This  protocol  is  implemented  in  the  CHI-5  by  an  interrupt  routine  which 
responds  to  interrupts  from  the  serial  lines  and  two  subroutines  accessed  by  the 
vocoder  programs  for  parameter  sending  and  receiving.  Appendix  B  contains  a 
listing  of  the  macro  language  program  for  this  protocol. 
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APPENDIX  A 


Listings  of  the  following  CHI-5  microprogram  modules  are  included  here 
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ormod.mic 

power. mic 

radian. mic 

randoms. mic 

record. mic 
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save. mic 

sched.mic 

score. mic 
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shortops.mic 

smvxyd.mic 

stepn.mic 

stkops.mic 

tsttol.mic 

upchan.mic 

xymadd.mic 

xvmoves.mic 
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"MACRO  STKSUB  ,  xxx  D0P=N00P 
STESUB:  Y->W,  INC  XA(2)  ,  INC  YA(2)  , 

CALL  F5UB  "do  *ubtr*ct 

H->Y,  READ,  COTO  EXMAC  “«av«  nov  SCL 
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TITLE  XYMADD  TITLE  XYMOVES 

ENTRY  XMADDY.  YMADDX  ENTRY  MOVEXYD,  MOVEDXY,  HOVEXY,  HOVEYX 

EXT  EXMAC  EXT  OPSEQ,  EXMAC 

EXPAND  EXPAND 


DEC  J,  IF  J>0  COTO  .  "br«nch  CNT-1  tloti 
AD,  COTO  EXMAC  Mr«*tore  V 


APPENDIX  B 


"ASLDATA  -  INPUT  AND  OUTPUT  IN  BASE  64 
TITLE  ASLDATA 
LISTOBJ 
LISTXT 

ENTRY  ASLDRSP ,RLSE I AL.RCVINT, OUTQASL, OUTASL 


DECLARE 

X:  ldesca= ' 1760 '0,  1 f lag= ’ 1763 '0,  outptr='1761 

DECLARE 

XY :  ldesc= ' 1761 ' 0, str ingd= ' 1762 ' 0, xyvk= ' 1760 '0 

rexits= 1 1764 ' 

0,  accum= ' 1762  '0 

DECLARE 

Y:  rcvxt= ' 1764'0, lcode= ' 1761 '0, trxt= ' 1763 '0, 

shi fter= ’ 1761 

'0 

INSERT 

DMEMEQ2 . ins 

INSERT 

EQANAD . ins 

ASLDRSP 

SAVE 

INTSVE 

MOVEXYD  xvwk,  XYSAVE,  5 

"SAVE  XYMEM  USED 

aslrsp2 

AS  I  NT 

LINEO,  rcvint.  trint 

"DETERMINE  TYPE 

MOVEDXY 

XYSAVE.  xywk,  5 

"RESTORE  XYMEM 

RESTORE 

INTSVE 

"AND  REGS 

INTRTN 

"EXIT 

rcvint 

STVX 

ldesca 

"SAVE  A (LINE  DESC) 

MOVEDXY 

ldesca.  ldesc,  4 

"GET  LINE  DESC 

IFUEQ 

'23'0 

GOTO 

noint 

"XOFF? 

IFUEQ 

'  21  '0 

GOTO 

intok 

"XON? 

IFULT 

'  40 '0 

GOTO 

aslrsp2 

"IGNORE  OTHER  CTRL 

CALL 

rcvxt 

"CALL  ROUTINE 

GOTO 

aslrsp2 

"GO  CHECK  FOR  MORE 

noint 

ADDAX 

-2,  lflag 

"CHANGE  ACTIVITY  FLAG 

GOTO 

store 

"UPDATE  LINE  DESC 

intok 

LDUX 

lflag 

"GET  ACTIVITY  FLAG 

IFUEQ 

0 

GOTO 

aslrsp2 

"IGNORE  XON  IF  IDLE 

ADDU 

2 

"UPDATE  FLAG 

STUX 

1  flag 

IFULT 

1 

GOTO 

store 

"NOT  READY? 

LDX 

1.  lflag 
'  47 '0 

"SET  TO  STATE  ONE 

LDU 

"ENABLE  TXRDY 

SNDCMD 

lcode 

"SET  UART  CTRL 

GOTO 

store 

"UPDATE  LINE  DESC 

trint 

STVX 

ldesca 

"SAVE  A (LINE  DESC) 

MOVEDXY 

ldesca,  ldesc,  4 

"GET  DESC. 

IF  ALT 

lflag,  1,  trdn 

"No  activity 

LDUDA 

X  [stringd] 

ADDAX 

1,  X [stringd] 

"UPDATE  POINTER 

SNDCHR 

lcode 

"SEND  CHAR  IN  U 

TLYY 

-1,  Y[stringd],  store 

"DEC  COUNT 

CALL 

trxt 

"COMPLETION  ROUTINE 

store 

SMVXYD 

ldesca,  ldesc,  4 

"UPDATE  DESC 

GOTO 

aslrsp2 

'46*0 

"GO  CHECK  FOR  MORE 

trdn 

LDU 

SNDCMD 

lcode 

"DISABEL  TRDY  INT 

GOTO  aslrsp2 

"TOP  LEVEL  ASL  INPUT 
RCVINT  IFUEQ  playn 

GOTO  inpars  "Parcel? 

IFUEQ  addr 

GOTO  saddr  "SET  ADDRESS? 

IFUEQ  data 

GOTO  datal  "DATA  BLOCK? 

IFUEQ  freqn 

GOTO  freqn 1  "ANAL  START? 

IFUEQ  stop 

GOTO  stopl  "Anal  stop? 

IFUEQ  outd 

GOTO  outdl  "DATA  OUT? 

RTN  "IGNORE  OTHERS 

"ENTERED  FROM  CODEPARS  THROUGH  SENDOUTP 
OUTQASL  LDU  PARLINE 


IFUEQ 

RTN 

0 

"NO  OUTPUT 

NOW 

LDUDA 

[41 U 

"GET  FLAG 

IFUEQ 

GOTO 

0 

chkq  "LINE  IDLE? 

send 

SCHED 

OUTQASL 

chkq 

RTN 

INCD 

O,  POCNT,  setp 

"HAVE  PARS? 

setp 

RTN 

CALL 

OUT ASL 

"NO 

"BUILD  CHARS  FOR  PARCEL 

LDV 

PARLINE 

"V=A (LINE  DESC) 

LDXY 

XY[16],  A[OUTBUF],  9 

"A (DATA) , COUNT 

outp 

LDXY 

XY  [17]  ,  1,  A[asldne] 

"FLAG,  COMPLETION  EXIT 

SMVXYD 

[2]  V,  XY [16]  ,  2 

"FILL  IN  LINE  DESC 

LDUDA 

[1]V 

"GET  LINE  CODE 

LDV 

[0]U 
'  47 ' 0 

"PUT  IT  IN  V 

LDU 

"ENABLE  TXRDY 

SNDCMD 

[0]V 

"SEND  IT 

RTN 

"DONE 

"INTERRUPT  RESPONSE  ROUTINE 


asldne 

LDU 

0 

STUX 

1  flag 

INCD 

0,  POCNT, 

send 

"MORE  PARS  IN  QUEUE 

RTN 

"NO 

"CONVERT  ONE  PACKED  PARCEL 

TO  BASE 

64  CODES 

OUTASL 

MOVEDY 

POPTR,  BA, 

3 

"GET  NEXT  PARCEL 

INCD 

-1,  POCNT, 

NEXT1 

"DEC  PAR  CNT 

NEXT1 

LDU 

POPTR 

"CET  PTR 

ADDU 

PRLEN 

"UPDATE  IT 

IFUEQ 

POLIM 

LDU 

POBSE 

"WRAP  IF  NEEDED 

STUD 

POPTR 

"STORE  NEW  PTR 

LDU 

playn 

"START  OF  PARCEL  CODE 

LDV 

OUTBUF+9 

out  3 

STVX 

FA 

"SET  POINTER 

STUD  A 

[-9]  V 

"SET  CODE  CHAR 

LDVY 

BA+2 

"LAST  16  BITS 

CALL 

next 

"OUTPUT  C7 

CALL 

next 

"OUTPUT  C6 

CALL 

next 

"C5  LEFT 

STUX 

FA+1 

"SAVE  IT 

LDVY 

BA+1 

"NEXT  16  BITS 

MULTV 

4 

"GET  2  BITS  IN  U 

IFULT 

0 

ADDU 

4  "CLEAR 

ANY  SIGN  EXT. 

ADDUX 

FA+1 

"COMBINE  WITH  FIRST  4  BITS 

STUDA 

FA 

OUTPUT  C5 

CALL 

next 

"OUTPUT  C4 

CALL 

next 

"OUTPUT  C3 

CALL 

next 

"C2  LEFT 

STUX 

FA+1 

"TEMP  SAVE 

LDVY 

BA 

"FIRST  16  BITS  OF  PARCEL 

MULTV 

16 

"GET  4  BITS  IN  U 

IFULT 

0 

ADDU 

16 

"CLEAR  ANY  SIGN  EXT. 

ADDUX 

FA+1 

"COMBINE  WITH  FIRST  2  BITS 

STUDA 

FA 

"OUTPUT  C2 

CALL 

next 

"OUTPUT  Cl 

next 

ADDAX 

-1,  FA 

"DEC  PTR 

MULTV 

64 

"6  BITS 

IFULT 

0 

ADDU 

64 

"CLEAN  OFF  SIGN  EXT. 

ADDU 

'  40 ' 0 

"ADD  ZONE 

STUDA 

FA 

"OUTPUT 

RTN 

saddr 

"SET  ADDRESS  FOR  DATA  TRANSFER 

LDU 

BOS 

"A (BUFFER) 

LDXY 

rexits,  A  [ends],  A  [parinc]  "END  WORD,  CHAR  EXITS 

GOTO 

indat 

datal 

LDU 

BOS 

"DESTINATION  ADDRESS 

LDXY 

rexits,  A[rtn] ,  Afparinc]  "WORD,  CHAR  EXITS 

GOTO 

indat 

inpars 

’’PARAMETER  INPUT  COLLECTION 

LDU 

PRIIN 

"A (BUFFER) 

LDXY 

rexits,  A[end] ,  A[parinc]  "WORD,  CHAR  EXITS 

indat 

STUDA 

[rdesc]  V 

"SET  A (BUFFER) 

LDU 

1 

STUDA 

[rdesc+1]  V 

"INITIAL  SHIFTER 

LDU 

0 

STUDA 

[rdesc+3]  V 

"CLEAR  ACCUM. 

SMVXYD 

[6]V,  rexits,  1 

"STORE  NEW  RCV  EXITS 

rtn 

RTN 

parinc 

IFUGT 

' 137 ' 0 

GOTO 

chke 

"HAVE  CODE? 

MOVEDXY 

[rdesc]V,  ldesc,  2 

"GET  RCV  DESC. 

SUBU 

'  40  ’  0 

"REMOVE  ZONE  FROM  CHAR 

MULTU 

shifter 

"SHIFT  INTO  PLACE 

ADDVY 

Y [accum] 

".ADD  ON  OLD 

STUVXY 

accum 

"SAVE  RESULT 

LDUY 

shifter 

"GET  SHIFTER 

MULTU 

64 

"MAKE  IT  6  MORE  PLACES 

STVY 

shi fter 

"STORE  IT 

LDV 

ldesca 

"RECOVER  A (LINE  DESC) 

IFUEQ 

0 

GOTO 

pcex 

"RIGHT  WORD  NOT  FULL? 

STUY 

shifter 

"NEW  SHIFTER 

LDUY 

Y  [accum] 

"GET  WORD 

STUDA 

outptr 

"OUTPUT  IT 

ADDAX 

1 ,  outptr 

"UPDATE  PTR 

LDUX 

X [accum] 

"GET  RESIDUAL  BITS 

STUY 

Y [accum] 

"SAVE  IN  RIGHT  HALF 

GOTO 

X  [rexits] 

"END  OF  WORD  PROCESS 

chke 

CALL 

ends 

"RESET  INPUT  EXIT 

GOTO 

RCVINT 

"GOT  PROCESS  CODE 

end 

LDUY 

shifter 

"GET  SHIFTER 

IFUGT 

1 

GOTO 

pcex 

"NOT  DONE  YET? 

INCD 

1,  PRICNT,  end2 

"UPDATE  QUEUE  COUNT 

end2 

LDU 

PRIIN 

"GET  INPUT  PTR 

IFUEQ 

PRIPTR 

SCHED 

SYNINP 

"WAS  QUEUE  EMPTY? 

ADDU 

PRLEN 

"UPDATE  PTR 

IFUEQ 

PRILIM 

LDU 

PRIBSE 

"WRAP  IF  NECESSARY 

STUD 

PRIIN 

"STORE  PTR 

IFALT 

PRICNT,  prmax-1,  ends 

"QUEUE  NOT  FULL? 

SETD 

' 2  3 ' 0 ,  xchr 

"MUST  SEND  XOFF 

SCHED 

sxo 

ends 

LDU 

RCVINT 

"TOP  LEVEL  CHAR  INPUT 

STUDA 

[7]  V 

"SET  IN  LINE  DESC 

pcex 

SMVXYD 

[rdesc]V,  ldesc,  2 

"SAVE  RCV  DESC 

RTN 

"EXIT 

"INPUT 

WHEN  PARCEL  REMOVED  FROM  QUEUE 

RLSEIAL 

LDU 

PRICNT 

IFUEQ 

prmax-2 

GOTO 

RTN 

sxon 

"WAS  QUEUE  FULL? 

sxon 

SETD 

' 2 1 ' 0 ,  xchr 

"WILL  SEND  XON 

sxo 

LDU 

PARLINE 

LDUDA 

[4]U 

"GET  FLAG 

IFUEQ 

0 

GOTO 

chkx 

"LINE  IDLE? 

SCHED 

RTN 

sxo 

"NO,  TRY  LATER 

chkx 

LDU 

xchr 

LDV 

1 

"ONE  CHAR  TO  SEND 

STUVXY 

XY  [16] 

LDV 

PARLINE 

"A (LINE  DESC) 

GOTO 

outp 

freqnl 

SETD 

POIN,  POPTR 

"SET  QUEUE  EMPTY 

SETD 

0,  POCNT 

STVD 

RTN 

PARLINE 

"SET  OUTPUT  LINE 

stopl 

SETD 

RTN 

0,  PARLINE 

"CLEAR  OUTPUT  LINE 

outdl 

STVD 

datline 

"SAVE  A (LINE  DESC) 

coutd 

LDV 

datline 

"GET  A (LINE  DESC) 

LDUDA 

[4]V 

"GET  FLAG 

IFUEQ 

0 

GOTO 

doout 

"LINE  FREE? 

SCHED 

coutd 

"NO,  CHECK  LATER 

4 


doout 

doout2 


rdesc 

datline 

doutb 

xchr 

prmax 


RTN 

MOVEDY 

BOS,  BA,  3 

"GET  3  WORDS 

INCD 

3,  BOS,  doout2 

"UPDATE  ADDRESS 

LDU 

data 

"CODE  FOR  BLOCK 

LDV 

doutb+9 

"END  OF  BUFFER 

CALL 

out3 

"BUILD  OUTPUT  CHARS  FOR  3  WORDS 

LDV 

datline 

"GET  A (LINE  DESC) 

LDXY 

XY [16] ,  A [doutb],  9 

"ADDRESS,  COUNT 

GOTO 

outp 

"SEND  BLOCK 

EQU 

LINEOR-LINEO 

EQU 

OUTBUF+9 

EQU 

datline+1 

EQU 

doutb+9 

EQU 

20 

LINE  DESCRIPTOR  FORMAT 

0:  TXRDY +RCVRDY  MASK,  LINE  CODE 

2 :  A (NEXT  OUTPUT  CHAR) ,  COUNT 

4:  LINE  FLAG,  OUTPUT  DONE  EXIT 

6:  RECEIVE  WORD  EXIT,  RECEIVE  CHAR  EXIT 

RECEIVE  DESCRIPTOR  FORMAT 

0:  A (NEXT  BUFFER  SPACE),  MULTIPLIER 

2:  DOUBLEWORD  INPUT  ACCUMULATOR 

4:  4  WORDS  UNUSED 

END 


